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Vasconez’s second law: "all of the flap will survive, 
except the part that you need."1 The delay phenom-
enon improves the reliability of tissue transfer by 

increasing flap vascularity before transfer.2–4 Traditional 
surgical delay includes sectioning part of the vascular 
supply to a planned flap to achieve this goal.5 Although 
successful, surgical delay carries additional cost, risk, and 
inconvenience to the patient. Likely due to these factors, 
Vasconez’s fifth law is "do not delay flaps (unless after 5:00 
pm)."1 Attempts to increase the utility of the delay phenom-
enon have been explored without widespread adoption.6–9 
External negative pressure delay (ENPD) has the potential 
to provide similar benefits to surgical delay while mitigat-
ing these negative factors. In this non-invasive technique, 
a negative pressure dressing is placed over the donor site 
skin before surgery to induce a delay phenomenon.

The anterolateral thigh (ALT) flap has become a 
workhorse flap in reconstructive surgery since its intro-
duction.10 Although the ALT flap has been shown to be 

reliable, complex perforator dissection technique is 
required. Furthermore, there is a small subset of patients 
with no identifiable perforator.11 When timing allows, we 
have begun routinely utilizing ENPD before ALT flap har-
vest in an attempt to improve the reliability and ease of 
harvest in upper extremity reconstruction. The existing 
literature on ENPD is reviewed, and our initial experience 
is described.

CURRENT EVIDENCE
In the first report of preoperative external negative 

pressure therapy, Morykwas et al found a 21% increase 
in flap survival in random pattern flaps that were treated 
with external negative pressure in a pig model.12 Similarly, 
Rhodius et al found a 37% increase in vessel density and 
27% increase in flap survival in random pattern flaps per-
formed in a diabetic murine model.13 Mohan et al per-
formed an extensive analysis of negative pressure flap 
conditioning in a rodent model. They found a 2-fold 
increase in mean vessel volume and a 30% increase in 
absolute intensity when evaluated with indocyanine green 
angiography in preconditioned flaps.14 Other authors 
have reported similar findings of increased vascularity and 
improved flap survival in animal models when treated with 
external negative pressure.15–19

It is unclear what the optimal treatment conditions 
and duration of therapy are at the present time. The most 
common pressure setting reported is −125 mm Hg, and 
both continuous and intermittent suction settings have 
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Summary: Negative pressure therapy has been utilized in the treatment of open and 
closed wounds to increase blood flow and improve wound healing. More recently, 
external negative pressure has been shown to induce a noninvasive delay phe-
nomenon in animal models by increasing vessel size and density within a planned 
flap, leading to improvement in flap survival. Although successful in animal mod-
els, this new method of delay has not been demonstrated in clinical practice. We 
present our initial experience with preoperative external negative pressure delay 
of free anterolateral thigh flaps in upper extremity reconstruction to detail the 
technique and safety profile of this innovative new technique. External negative 
pressure delay has the potential to provide results similar to those of traditional 
surgical delay, while being cost effective, safer, and more convenient for patients. 
More research is needed to investigate the clinical benefit and cost effectiveness 
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been utilized.12–16 The report time period of treatment also 
varies, with the most common length of treatment being 
5–7 days before intervention.12–16 We present our initial 
experience using ENPD in free ALT flap reconstruction 
of upper extremity defects.

TECHNIQUE
At the bedside, the traditional flap markings for an 

ALT flap are designed along the donor thigh. The skin is 
protected with a layer of Vaseline gauze (Adaptic; 3M, St. 
Paul, Minn.), and a large black wound vac sponge (KCI, 
San Antonio, Tex.) is externally secured to the thigh skin 
overlying the planned flap (Fig. 1). The dressing is con-
nected to suction in a standard fashion. At the time of 
surgery, the dressing is removed and flap harvest is per-
formed in a standard fashion.

CASE 1
A 46-year-old man with a history of obesity and hyper-

tension sustained a degloving injury of the left upper 
extremity after a rollover ATV incident (Fig. 2). A free 26 
× 9 cm subfascial ALT was planned for wound reconstruc-
tion. ENPD was initiated at −125 mm Hg of intermittent 
negative pressure for 6 days before anterolateral thigh free 
tissue transfer. On day 6, the flap was harvested in the sub-
fascial plane on 2 musculocutaneous perforators (Fig. 3) 
and anastomosed in an end-to-side fashion to the radial 
artery and cephalic vein. The flap was then inset to recon-
struct the defect (Fig. 4). The patient healed uneventfully 
and was discharged home on postoperative day 6.

CASE 2
A 20-year-old man sustained an open grade IIIb frac-

ture of the right ulna with laceration of the ulnar artery 
and nerve after a high velocity ballistic injury. A free  

Fig. 1. Design of the ipsilateral anterolateral thigh free flap (a) with 
subsequent application of vaseline gauze and wound vac sponge  
dressing to the planned flap harvest site (B).

Fig. 2. Dorsal degloving injury of the hand and wrist after rollover 
atV accident with exposed extensor tendon lacerations and open 
wrist joint (open joint denoted with black arrow).

Fig. 3. anterolateral thigh flap harvested on 2 large intramuscular 
perforators.
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22 × 7 cm subfascial ALT was planned for wound recon-
struction to be performed concurrently with bony stabili-
zation and nerve graft reconstruction. ENPD was initiated 
at −125 mm Hg of continuous negative pressure for 6 days 
before tissue transfer. Intraoperatively, only 1 small septo-
cutaneous perforator was identified that appeared to be 
inadequate for flap harvest. Before conversion to muscu-
locutaneous harvest, indocyanine green angiography (SPY 
Angiography; Stryker, Kalamazoo, Mich.) was utilized to 
evaluate the perforator. There was excellent filling of the 
flap when isolated on this perforator, and therefore single 
perforator harvest proceeded. The flap was anastomosed 
in an end-to-end fashion to the ulnar artery and venae 
comitantes. The patient healed uneventfully and was dis-
charged home on postoperative day 7.

DISCUSSION
We hypothesize that external negative pressure delay 

has several potential benefits in reconstructive surgery:

 1.  Improved reliability of a planned flap;
  2.    I ncreased amount of tissue that is able to be harvested 

on a single vascular supply;
 3.  Improved ease of harvest in perforator flap surgery;
 4.   Increased reliability of super-thin flap harvest and pro-

peller flap harvest;

 5.   Reduced incidence of fat necrosis in large fasciocuta-
neous flaps;

 6.  Potential mitigation of patient risk factors.

In our early experience, ENPD appears to be safe 
when used in both intermittent and continuous fash-
ion. There was no evidence of patient discomfort or skin 
irritation after treatment. Importantly, there was no evi-
dence of posttreatment discoloration of the skin, which 
may be mistaken for venous congestion. There appears to 
be improvement in perforator quality when treated with 
ENPD, but further investigation is required to measure 
this. In the second case, we feel that ENPD prevented the 
conversion to musculocutaneous harvest, saving operative 
time and patient morbidity.

The negative aspects of this method of delay include 
the cost associated with the device and the need for suf-
ficient time between initiation of therapy and the planned 
surgery. However, if used in the right clinical scenario, it is 
likely that the potential benefits far outweigh these nega-
tive factors. Further research is necessary to understand 
the physiologic and clinical outcomes after ENPD.

Paul A. Ghareeb, MD 
Emory Saint Joseph’s Hospital 

5673 Peachtree Dunwoody Road, Suite 680 
Atlanta, GA 30342 

E-mail: paul.ghareeb@emory.edu

ACKNOWLEDGMENT
The principles and ethics documented in the Declaration of 

Helsinki were followed throughout this research study.

REFERENCES
 1. Vasconez L. 2005 Jurkiewicz lecture. Ann Plast Surg. 2006;56:1–8. 
 2. Myers MB, Cherry G. Mechanism of the delay phenomenon. 

Plast Reconstr Surg. 1969;44:52–57. 
 3. Ghali S, Butler PEM, Tepper OM, et al. Vascular delay revisited. 

Plast Reconstr Surg. 2007;119:1735–1744. 
 4. Hamilton K, Wolfswinkel EM, Weathers WM, et al. The delay 

phenomenon: a compilation of knowledge across specialties. 
Craniomaxillofac Trauma Reconstr. 2014;7:112–118. 

 5. Dhar SC, Taylor GI. The delay phenomenon: the story unfolds. 
Plast Reconstr Surg. 1999;104:2079–2091. 

 6. Shakir S, Spencer AB, Kozak GM, et al. Make your own deep infe-
rior epigastric artery perforator flap: perforator delay improves 
deep inferior epigastric artery perforator flap reliability. Plast 
Reconstr Surg Glob Open. 2019;7:e2478. 

 7. Karian LS, Therattil PJ, Wey PD, et al. Delay techniques for 
nipple-sparing mastectomy: a systematic review. J Plast Reconstr 
Aesthet Surg. 2017;70:236–242. 

 8. Monsivais SE, Webster ND, Wong S, et al. Pre-expanded deep infe-
rior epigastric perforator flap. Clin Plast Surg. 2017;44:109–115. 

 9. Christiano JG, Rosson GD. Clinical experience with the delay 
phenomenon in autologous breast reconstruction with the 
deep inferior epigastric artery perforator flap. Microsurgery. 
2010;30:526–531. 

 10. Song YG, Chen GZ, Song YL. The free thigh flap: a new free 
flap concept based on the septocutaneous artery. Br J Plast Surg. 
1984;37:149–159. 

 11. Lakhiani C, Lee MR, Saint-Cyr M. Vascular anatomy of the 
anterolateral thigh flap: a systematic review. Plast Reconstr Surg. 
2012;130:1254–1268. 

Fig. 4. appearance of the flap after microvascular anastomosis 
and inset. No skin irritation was encountered during the course of  
external negative pressure therapy.

mailto:paul.ghareeb@emory.edu?subject=
https://doi.org/10.1097/01.sap.0000193542.02193.f2
https://doi.org/10.1097/00006534-196907000-00008
https://doi.org/10.1097/00006534-196907000-00008
https://doi.org/10.1097/01.prs.0000246384.14593.6e
https://doi.org/10.1097/01.prs.0000246384.14593.6e
https://doi.org/10.1055/s-0034-1371355
https://doi.org/10.1055/s-0034-1371355
https://doi.org/10.1055/s-0034-1371355
https://doi.org/10.1097/00006534-199912000-00021
https://doi.org/10.1097/00006534-199912000-00021
https://doi.org/10.1097/GOX.0000000000002478
https://doi.org/10.1097/GOX.0000000000002478
https://doi.org/10.1097/GOX.0000000000002478
https://doi.org/10.1097/GOX.0000000000002478
https://doi.org/10.1016/j.bjps.2016.11.012
https://doi.org/10.1016/j.bjps.2016.11.012
https://doi.org/10.1016/j.bjps.2016.11.012
https://doi.org/10.1016/j.cps.2016.09.002
https://doi.org/10.1016/j.cps.2016.09.002
https://doi.org/10.1002/micr.20787
https://doi.org/10.1002/micr.20787
https://doi.org/10.1002/micr.20787
https://doi.org/10.1002/micr.20787
https://doi.org/10.1016/0007-1226(84)90002-x
https://doi.org/10.1016/0007-1226(84)90002-x
https://doi.org/10.1016/0007-1226(84)90002-x
https://doi.org/10.1097/PRS.0b013e31826d1662
https://doi.org/10.1097/PRS.0b013e31826d1662
https://doi.org/10.1097/PRS.0b013e31826d1662


PRS Global Open • 2021

4

 12. Morykwas MJ, Argenta LC, Shelton-Brown EI, et al. Vacuum-
assisted closure: a new method for wound control and treat-
ment: animal studies and basic foundation. Ann Plast Surg. 
1997;38:553–562. 

 13. Rhodius P, Haddad A, Matsumine H, et al. Noninvasive flap pre-
conditioning by foam-mediated external suction improves the 
survival of fasciocutaneous axial-pattern flaps in a type 2 diabetic 
murine model. Plast Reconstr Surg. 2018;142:872e–883e. 

 14. Mohan AT, Zhu L, Michalak GJ, et al. Preconditioning with 
foam-mediated external suction on flap microvasculature and 
perfusion in a rodent model. Plast Reconstr Surg Glob Open. 
2020;8:e2739. 

 15. Hong YG, Kim SC, Koh KS. Flap preconditioning with the cyclic 
mode (triangular waveform) of pressure-controlled cupping in 
a rat model: an alternative mode to the continuous system. Plast 
Reconstr Surg. 2019;143:88e–98e. 

 16. Aydin OE, Algan S, Tan O, et al. A novel method for flap delay 
vacuum assisted flap delay: an experimental study in rabbits. J 
Plast Surg Hand Surg. 2019;53:208–215. 

 17. Myung Y, Kwon H, Pak C, et al. Radiographic evaluation of ves-
sel count and density with quantitative magnetic resonance 
imaging during external breast expansion in Asian women: a 
prospective clinical trial. J Plast Reconstr Aesthet Surg. 2016;69: 
1588–1597. 

 18. Wei S, Orgill DP, Giatsidis G. Delivery of external volume 
expansion through microdeformational interfaces safely 
induces angiogenesis in a murine model of intact diabetic 
skin with endothelial cell dysfunction. Plast Reconstr Surg. 
2019;143:453–464. 

 19. Lancerotto L, Chin MS, Freniere B, et al. Mechanisms of action 
of external volume expansion devices. Plast Reconstr Surg. 
2013;132:569–578. 

https://doi.org/10.1097/00000637-199706000-00001
https://doi.org/10.1097/00000637-199706000-00001
https://doi.org/10.1097/00000637-199706000-00001
https://doi.org/10.1097/00000637-199706000-00001
https://doi.org/10.1097/PRS.0000000000005038
https://doi.org/10.1097/PRS.0000000000005038
https://doi.org/10.1097/PRS.0000000000005038
https://doi.org/10.1097/PRS.0000000000005038
https://doi.org/10.1097/GOX.0000000000002739
https://doi.org/10.1097/GOX.0000000000002739
https://doi.org/10.1097/GOX.0000000000002739
https://doi.org/10.1097/GOX.0000000000002739
https://doi.org/10.1097/PRS.0000000000005104
https://doi.org/10.1097/PRS.0000000000005104
https://doi.org/10.1097/PRS.0000000000005104
https://doi.org/10.1097/PRS.0000000000005104
https://doi.org/10.1080/2000656X.2019.1582425
https://doi.org/10.1080/2000656X.2019.1582425
https://doi.org/10.1080/2000656X.2019.1582425
https://doi.org/10.1016/j.bjps.2016.09.019
https://doi.org/10.1016/j.bjps.2016.09.019
https://doi.org/10.1016/j.bjps.2016.09.019
https://doi.org/10.1016/j.bjps.2016.09.019
https://doi.org/10.1016/j.bjps.2016.09.019
https://doi.org/10.1097/PRS.0000000000005267
https://doi.org/10.1097/PRS.0000000000005267
https://doi.org/10.1097/PRS.0000000000005267
https://doi.org/10.1097/PRS.0000000000005267
https://doi.org/10.1097/PRS.0000000000005267
https://doi.org/10.1097/PRS.0b013e31829ace30
https://doi.org/10.1097/PRS.0b013e31829ace30
https://doi.org/10.1097/PRS.0b013e31829ace30

